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DUST COLLECTION UNIT 

The present invention relates to a dust collection unit suitable for use with a 
hand held drilling and/or hammering tool and to a shroud and a shroud adapter for . 
such a dust collection unit. 

5 Hand held drilling and/or hammering tools are know which can be used with a 

dust collection unit accessory. The collection unit, may be releaseably mechanically 
mounted on the too! and will generally comprise a shroud for collecting dust from the ^ 
region of a tool or bit of the tool, a dust collection chamber, a filter and a system for 
generating an airflow into and through the shroud, the chamber and the filter. Dust 
10 and debris generated by the tool or bit of the tool will be entrained in this airflow and 
so will be pulled through the shroud and into the chamber. As the air passes through 
the filter, any dust or debris entrained within it will be deposited in the chamber. 

In some known designs of shroud, for example of the type shown on the dust 
15 collection unit of Figure 2, the shroud (32) is mounted on a support ann (36) within 
which support arm is formed a channel which communicates between the shroud and 
a dust collection chamber (41). A problem with such designs is that the shroud has 
an extension (14) for fitment to the support arm (36) which prevents the shroud from 
fitting into difficult to reach places. For example the shroud cannot easily be 
20 positioned so as to fit around pipes or ducting, to drill a hole closer than a distance di 
above the edge of the pipes or ducting and cannot easily be positioned so as to fit 
into channels with a width less than da. In addition the shroud (32) is not very 
effective to collect dust when a hole is to be drilled into a corner as the forward rim of 
the shroud is adapted to fit to a flat surface and so will not fit the shape of the corner. 
25 The present invention aims to provide a flexible design of shroud arrangement for a 
dust collection unit which can be used for efficiently collecting dust when a drilling 
and/or hammering tool is used to work on a variety of difficult to reach locations. 

According to a first aspect of the present invention there is provided a dust 
30 collection unit suitable for use with a hand held drilling and/or hammering tool, 
comprising: 
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a shroud of the dust extraction unit adapted to extend around a tool or bit of 
such a hammering and/or drilling tool so as to collect dust in an airflow 
passing through the shroud which dust is generated by such a tool or bit; and 
a tube like, extension sleeve which extends forwardly of the shroud; 
5 characterised in that a slideable sleeve is slideably mounted on the extension sleeve 
so as to move between a retracted position in which the forward rim of the extension 
sleeve is engageable with a surface to be worked and an extended position in which 
a forward rim of the slideable sleeve is engageable with a surface to be worked and 
the foPvvard ends of the extension sleeve and the siideable sleeve are shaped 
1 0 differently from each other so as to fit against a different shaped work surface. 

This provides a more versatile shroud arrangement on a dust extraction unit 
which can be used to collect dust when different shaped work surfaces are drilled. 
Also, by using a shroud equipped with the tube like .fonA^ard extension sleeve, dust 
15 can be collected, when a tool or bit of a hammering and/or drilling tool is used to drill 
into a channel or around an obstruction. 

Preferably one of the extension sleeve or the slideable sleeve is tapered at its 
forward end so as to have a forward rim which fits into a corner suri^ace to be worked. 

20 The other of the extension sleeve or the slideable sleeve may have a forward rim 
which extends perpendicularly to the longitudinal axis of such a tool or bit so as to fit 
against a plane suri^ace to be worked. With the slideable sleeve in one of its 
extended or retracted positions, the tapered rim of the one of the extension or 
slideable sleeve fits against the suri^aces of a corner so that an airi^low passing into 

25 the shroud, for example in the region of the rim, carries any dust generated by the 
tool or bit in the generated airflow. When it is necessary to drill into the flat base of a 
channel, or into a working suri^ace adjacent to pipes or boxed in cables, with the 
slideable sleeve in the other of its extended or retracted positions, the rim of the other 
of the extension sleeve or slideable sleeve can fit against the suri'ace to be worked 

30 so that an airflow passing into the shroud, for example in the region of the rim, carries 
any dust generated by the tool or bit in the generated airflow. Thus, a dust collection 
unit having a versatile dust collection shroud is provided. In a preferred embodiment 
the extension sleeve has a tapered forward rim and the sliding sleeve has a plane 
forward rim. 
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To provide additional flexibility, the tube like extension sleeve and the slideable 
sleeve may be formed as an adapter which can be releasably fitted to the shroud. 
Therefore, when boring into a large flat surface, such as an interior wall of a house, a 
conventional shroud of relatively small size, for example of the type (32) shown in 
5 Figure 2, can be used. Then when drilling into a channel or into a corner, the adapter 
can be fitted to the shroud, for example using a snap fit connection or a simple 
friction connection. 

In order to fit against the surfaces of a corner, the tapered forward rim of the 
10 relevant sleeve may be tapered so as to have a pair of opposing V-shaped ridges. In 
a simple form, the tube like extension sleeve and the slideable sleeve may be 
cylindrical. 

The sliding sleeve may be slideably mounted around the extension sleeve or 
15 alternatively may be slideably mounted within the extension sleeve. Where the 
extension sleeve is the tapered sleeve, the sliding sleeve may be biased into its 
extended position by a spring arrangement, so that when it is necessary to drill into a 
corner the sliding sleeve may be retracted against the biasing force of the spring, for 
example automatically, by engagement with the corner surface to be worked. 
20 Alternatively some releasable means may be provided to maintain the sliding sleeve 
in the retracted position. 

According to a second aspect of the present invention there is provided a 
shroud adapter suitable for fitment to a dust collecting shroud of a dust collection 

25 unit, which dust collection unit is suitable for use with a hand held drilling and/or 
hammering tool, the adapter comprising a tube like extension sleeve which can be 
releaseably fitted to such a shroud so as to extend forwardly from such a shroud, 
characterised in that a slideable sleeve is slideably mounted on the extension sleeve 
so as to move between a retracted position in which the forward rim of the extension 

30 sleeve is engageable with a surface to be worked and an extended position in which 
a forward rim of the slideable sleeve is engageable with a surface to be worked and 
the forward ends of the extension sleeve and the slideable sleeve are shaped 
differently from each other so as to fit against a different shaped work surface. 
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According to a third aspect of the present invention there is provided a dust 
collection shroud suitable for use with a dust collection unit, which dust collection unit 
is suitable for use with a hand held drilling and/or hammering tool, which shroud can 
be releasably fitted to such a dust extraction unit and so as to extend around a tool or 

5 bit of such a hammering and/or drilling tool so as to collect dust in an airflow passing 
through the shroud which dust is generated by such a tool or bit, the shroud 
additionally comprising a tube like extension sleeve which extends forwardly, with 
respect to such a tool or bit, characterised in that a slideable sleeve is slideably 
mounted on the extension sleeve so as to move between a retracted position in 

10 which the fonward rim of the extension sleeve is engageable with a surface to be 
worked and an extended position in which a fonward rim of the slideable sleeve is 
engageable with a surface to be worked and the forward ends of the extension 
sleeve and the slideable sleeve are shaped differently from each other so as to fit 
against a different shaped work surface. 

15 

The second and third aspects of the present invention have the same 
advantages and subsidiary features as are described above in relation to the first 
aspect of the present invention. 

20 One form of a shroud arrangement of a dust collection unit in accordance with 

the present invention will now be described by way of example with reference to the 
accompanying drawings in which: 

Figure 1 shows a perspective view of a rotary hammer to which a dust 
collection unit in accordance with' the present invention can be fitted; 
25 Figure 2 shows a longitudinal cross-section of a dust collection unit for 

attachment to the rotary hammer of Figure 1 ; 

Figure 3 shows a longitudinal cross-section of a shroud arrangement for use 
with the dust collection unit of Figure 1 in accordance with the present invention; 

Figure 4A shows a side view of the shroud arrangement of Figure 3 in a 
30 retracted position for collecting dust when holes are bored in corners; 

Figure 4B shows a similar view to that in Figure 4A but with the shroud 
arrangement in an extended position; 

Figures 5A and 5B show the shroud arrangement of Figures 3, 4A and 4B from 
two perspective views in the extended position; and 
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Figures 6A and 6B show the shroud arrangement of Figures 3, 4A and 4B from 
two perspective views in the retracted position. 

The hand held rotary hammer shown in Figure 1 has a housing comprising a 
5 motor housing portion (2) within which an electric motor of the hammer is housed. A 
tool holder (26) is located at the forward end of a spindle of the hammer. A tool or bit 
(24) can be non-rotatably and releasably fitted within the tool holder so as to allow 
limited reciprocation of the tool or bit with respect to the tool holder. The hammer 
has a rear handle (18) in which an on/off trigger (20) is located for actuating a switch 

10 for actuating power supply to the motor. The motor of the hammer selectively drives 
a spindle drive mechanism for rotatingly driving the spindle of the hammer, thereby 
rotatingly driving the tool holder (26) and a tool or bit (24) mounted therein, as is well 
known in the art. Also, the motor of the hammer selectively drives an air cushion 
hammering mechanism for repeatedly impacting the tool or bit (24), as is well known 

15 in the art. A mode change arrangement, actuated by a mode change knob (50), is 
provided for enabling the selective engagement of rotary drive to the spindle and/or 
selective actuation of the air cushion hammering mechanism so that the hammer can 
be operated in a drilling only mode, a hammering only mode and/or a combination 
rotary hammering mode, as is well known in the art. The rotary hammer is powered 

20 by a mains or generator supply of electricity, via a cable (1 9). 

Figure 2 shows a dust collection unit (40) for the hammer. The dust collection 
unit comprises a dust collection shroud (32) which, when the unit (40) is mounted on 
the hammer, surrounds the forward end of a tool or bit (24) mounted in the tool 

25 holder (26) of the hammer. The shroud (32) forms a chamber around the forward 
end of the tool or bit (24), with an annular side wall (30) and a rearward wall whjch is 
formed by a flexible brush, or seal (34) which fits around the tool or bit (24). The 
shroud (32) has an extension (14) which is mounted on a forward end of a support 
arm (36). The annular wall (30) has an opening (13) at the entrance to the extension 

30 (14), to enable a channel through the extension (14) to communicate with the shroud 
chamber. A support arm (36) of the dust collection unit is telescopically mounted 
within a receiving portion (38) of a main housing of the dust collection unit (40). The 
support arm (36) can be pushed into the receiving portion (38) against a biasing force 
from a spring arrangement (not shown) contained in the receiving portion (38). A 
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channel extends along the support arm (36) with a first end of the channel 
communicating with the chamber of the shroud (32). via the extension (14), and the 
second end of the channel communicating with an entrance (45) to a filter chamber 
(41) of the unit (40). 

A filter arrangement, for example a filter bag (43) is housed within the filter 
chamber. The filter chamber has an inlet (45) which communicates with the channel 
in the support arm (36) and an outlet (47) which communicates with an inlet to a fan 
(49). The fan is powered by a motor (51) housed in the rearward housing portion 
(53) of the dust collection unit (40). 

With the dust collection unit of Figure 2 is mounted on the rotary hammer of 
Figure 1. the forward end of the tool or bit (24) is pressed against the surface to be 
worked and the shroud (32) is positioned, by telescoping the support arm (36) within 
the receiving portion (38), so that a forward rim (33) of the shroud (32) is pressed 
against a flat surface to be worked. Then when the motor of the hammer is actuated, 
by depressing the trigger (20) of the hammer, the motor of the hammer is actuated 
and drilling and/or hammering commences, depending on the mode of operation of 
the hammer selected by the mode change knob (50). The depression of the trigger 
(20) also actuates the motor (51) of the dust extraction unit (40) fitted to the hammer, 
as described below. 

The fan (49) generates an airflow which is pulled into the shroud (32), for 
example via one or more recesses (35) in the forward face of the rim (33) of the 
shroud (32), and from the shroud, via the extension (14), through the channel in the 
support arm (36) and into the inlet (45) to the filter housing (41). The dust generated 
by the working of the tool or bit is entrained in this airflow and thus transported into 
the filter housing. The dust is captured in the filter housing in the filter bag (43) and 
the air passes through the filter bag and into the inlet (47) of the fan (49). The air 
passes through the fan and is discharged out of an outlet of the fan formed in the 
rearward housing portion (53) of the dust collection unit. As the tool or bit (24) moves 
into the surface being worked, the support arm (36) retracts against the biasing force 
of the spring arrangement and maintains the fonwardmost rim of the shroud against 
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the surface being worked. When the trigger (20) of the hammer is released, the 
power to the hammer motor and the fan motor (51 ) is disconnected. 

When the dust collection unit (40) is fitted to the hammer, an electrical 
5 connection is formed between the motor (51) of the dust collection unit and the 
electricity supply to the hammer via a three pinned plug element (12). The region of 
the hammer (21). which connects the lower end of the rear handle (18) with the 
motor housing (2) is formed on its underside with a socket arrangement (16). The 
socket arrangement (18) is formed with three sockets for receiving three pins (6) of 
10 the plug arrangement (12) in order to make an electrical connection between the 
motor (51) of the dust collection unit (40) and the electrical power supply to the 
hammer. 

The region (A) of the housing of the hammer is formed with a downwardly 
15 facing positioning bore (58) and a forwardly facing recess (60) (both illustrated in 
dotted lines). The region (F) of the housing of the dust collection unit (40) is formed 
with a corresponding cylindrical upwardly extending positioning projection (62) for 
cooperating with the positioning bore (58) in the region (A) of the hammer housing. 
The region (F) of the dust collection unit (40) is also provided with a manually 
20 retractable latch arrangement (66), for releasably engaging with the recess (60) in 
the region (A) of the hammer housing. 

To connect the dust collection unit to the hammer, the plug arrangement (12) of 
the dust collection unit is fitted to the socket arrangement (16) of the hammer, so as 

25 to form an electrical connection between the power supply to the hammer and the fan 
motor (51). With the plug arrangement (12) inserted in the socket arrangement (16), 
the forward end of the dust collection unit (40) can be moved upwardly towards 
engagement with the hammer housing until the positioning projection (62) on region 
(F) of the dust collection unit engages in the corresponding positioning recess (58) in 

30 region (A) of the hammer housing. In this movement a reaoA/ard end of the latching 
peg (66) is pushed into the chamber (64) in the region (F) of the dust collection unit, 
against the biasing force of a spring (68) by the portion (84) of the hammer housing 
between the bore (58) and recess (60). Then as soon as the rearward end (66a) of 
the latch peg comes into alignment with the recess (60) in region (A) of the hammer 
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housing the spring (68) biases the rearward end of the latch peg (66) into 
engagement with the recess (60), to thereby secure the dust collection unit to the 
hammer. 

5 The dust collection unit is released from the hammer housing by a user 

depressing a button formed by an actuator of the latch arrangement, causing the 
latch peg (66) to retract from the recess (60). Then the dust collection unit can be 
moved downwardly to disengage the plug arrangement (12) from the socket 

^ ^ i^ip*-* omnia r^4- / ^ C\ 
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A tube like shroud adapter (22), shown in Figures 3 to 6B, can be releaseably 
fitted within the fonA/ardly open annular portion (30) of the shroud by a friction or a 
snap fit connection. 

15 The adapter comprises a cylindrical sleeve (28) the rearward end of which can 

be releaseably fitted within the annular portion (30) of the shroud (32). The adapter 
has a sliding sleeve (54) slideably mounted on the cylindrical sleeve (28) so as to be 
able to move between a retracted position, as shown in Figures 4A, 6A and 6B, and 
an extended position, as shown in Figures 3, 4B, 5A and 58. The sliding sleeve (54) 

20 may, for example be made of a transparent plastic material. 

In the retracted position, the adapter can be used for collecting dust when 
drilling into corners. At the forward end of the cylindrical sleeve (28) are formed two 
opposing V-shaped ridges (52). The ridges at the forward end of the cylindrical 

25 sleeve (28) enable the shroud adapter to fit into a corner. Where a hole is to be 
bored into a corner, the adapter (22) is fitted to the shroud, and the support arm (36) 
is positioned with respect to the receiving portion (38) so that the forward edge of the 
cylindrical sleeve (28) with its V-shaped ridges (52) will- fit against the surfaces 
forming the corner. That is, the tip of the tool or bit (24) will be aligned with the points 

30 of the V-shaped ridges of the sleeve (28), Thus, any dust generated will be entrained 
in an airflow, which airflow enters the forward end of the sleeve (28) and then into the 
shroud (42), channel (14), support arm (36) and filter chamber (41). The airflow is 
pulled through the filter bag (43) and into the fan. Dust generated by the boring of a 
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hole by the tool or bit (24) will be entrained in this airflow will be deposited in the filter 
bag (43). 

In the extended position, the adapter can be used to collect dust when drilling 
5 into channels or in wall surfaces adjacent to pipes or boxed in wires. This is because 
fitting the adapter (22) with the sliding sleeve in the extended position, onto the 
shroud increases the axial length (L) (See Figure 4B) of the shroud/adapter assembly 
forwardly of the fonA^ard face of the extension (14). Thus, the adapter could be used 
* to collect dust from a hole drilled in a position (X) of a surface (60) (shown in dotted 
10 lines) of a channel (shown in dotted lines), as shown in Figure 4B, whereas the 
shroud alone, as shown in Figure 2, would not easily fit into the channel. 

The sliding sleeve (54) is forwardly biased on the cylindrical sleeve (28) into the 
extended position shown in Figure 3, by a spring (62). The spring is connected at its 

15 rearward end and bears against an annular shoulder (64) formed around the 
cylindrical sleeve (28) and is connected at its forward end and bears against the 
rearward edge (66) of the sliding sleeve (54). The sliding sleeve is held on the 
cylindrical sleeve (28) by the spring (62). The sliding sleeve (54) can be retracted 
automatically by engagement with the surfaces of a corner against which the shroud 

20 adapter (22) is urged. Alternatively, the sliding sleeve may be retracted manually 
and held in the retracted position by a releasable catch. 

As an alternative to the design described above, the shroud (32) and the 
cylindrical sleeve (28) could be formed as a single part, which could be fitted on the 
25 extension arm (36) via the extension (14) in place of the shroud (32) of Figure 2. 



P-UK-PR1095 



10 



CLAIMS 

1. A dust collection unit suitable for use with a hand held drilling and/or 
hammering tool, comprising: 

a shroud (34) adapted to extend around a tool or bit (24) of such a hammering 
and/or drilling tool so as to collect dust in an airflow passing through the dust 
extraction unit which dust is generated by such a tool or bit; and 
a tube like extension sleeve (28) .which extends forwardly from the shroud, with 
respect to such a too! or bit; 
characterised in that a slideable sleeve (54) is slideably mounted on the extension 
sleeve so as to move between a retracted position in which the forward rim of the 
extension sleeve is engageable with a surface to be worked and an extended 
position in which a forward rim of the slideable sleeve is engageable with a surface to 
be worked and the fonward ends of the extension sleeve and the slideable sleeve are 
shaped differently from each other so as to fit against a different shape of work 
surface. 

2. A dust collection unit according to claim 1 wherein one of the extension sleeve 
or the slideable sleeve is tapered at its forward end so as to have a fonward rim which 
fits into a corner of a surface to be worked. 

3. A dust collection unit according to claim 2 wherein the tapered fonward rim is 
formed to have a pair of opposing V-shaped ridges (52). 

4. A dust collection unit according to claim 2 or claim 3 wherein the other of the 
extension sleeve or the slideable sleeve has a fonvard rim which extends 
perpendicularly to the longitudinal axis of such a tool or bit so as to fit against a plane 
surface to be worked. 

5. A dust collection unit according to any one of the preceding claims wherein the 
tube like extension sleeve and the slideable sleeve are formed as an adapter (22) 
which can be releasably fitted to the shroud. 
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6. A dust collection unit according to any one of the preceding clainns wherein the 
sliding sleeve is slideably mounted around the extension sleeve. 

7. A dust collection unit according to any one. of the preceding claims wherein the 
5 sliding sleeve is biased into its extended position by a spring arrangement (62). 

8. A dust collection unit according to any one of the preceding claims comprising 
an extension arm (36) on which the shroud (32) can be mounted, a filter housing (41) 

»*/hiohi /-r\mrrn inlr^ofQc \A/ifh tho chrrti irl tha ovtonQinn ;:»rm ??nrl innnrnoratRf^ r\ filter. 

10 arranged such that the dust collecting airflow passes from the shroud, through the 
extension arm, into the filter housing and through the filter. 

9. A dust collection unit according to claim 8 wherein the dust collection unit (40) 
includes a fan (51) for generating the dust collecting airflow. 

15 

10. A dust collection unit substantially as hereinbefore described with reference to 
any one of the accompanying Figures. 

11. A shroud adapter suitable for fitment to a dust collecting shroud (34) of a dust 
20 collection unit (40), which dust collection unit is suitable for use with a hand held 

drilling and/or hammering tool, the shroud adapter cpmprising a tube like extension 
sleeve (28) which can be releaseably fitted to such a shroud so as to extend 
foHA^ardiy from such a shroud characterised in that a siideable sleeve (54) is slideably 
mounted on the extension sleeve so as to move between a retracted position in 
25 which the forward rim of the extension sleeve is engageabie with a surface to be 
worked and an extended position in which a forward rim of the siideable sleeve is 
engageabie with a surface to be worked and the forward ends of the extension 
sleeve and the siideable sleeve are shaped differently from each other so as to fit 
against a different shape of work surface. 

30 

12. An adapter according to claim 11 wherein one of the extension sleeve or the 
siideable sleeve is tapered at its forward end so as to have a forward rim which fits 
into a corner of a surface to be worked. 
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13. An adapter according to claim 12 wherein the tapered forward rim is formed to 
have a pair of opposing V-shaped ridges (52). 

14. An adapter according to any one of claim 12 or claim 13 wherein the other of 
5 the extension sleeve or the slideable sleeve has a fon^^ard rim which is shaped to fit 

against a plane surface to be worked. 

15. An adapter according to any one of claims 1-1 to 14 wherein the sliding sleeve 
is slideably mounted around the extension sleeve. • 

10 

16. An adapter according to any one of claims 11 to 15 wherein the sliding sleeve 
is biased into its extended position by a spring arrangement (62). 

17. A shroud adapter suitable for fitment to a dust collecting shroud (34) of a dust 
15 collection unit (40), which dust collection unit is suitable for use with a hand held 

drilling and/or hammering tool substantially as hereinbefore described with reference 
to any one of the accompanying Figures . 

18. A shroud for a dust collection unit (40), which dust collection unit is suitable for 
20 use with a hand held drilling and/or hammering tool, which shroud can be releasably 

fitted to such a dust extraction unit so as to extend around a tool or bit (24) of such a 
hammering and/or drilling tool so as to collect dust in an airflow passing through the 
shroud which dust is generated by such a tool or bit, the shroud additionally 
comprising a forwardly extending tube like extension sleeve (28). characterised in 

25 that a slideable sleeve (54) is slideably mounted on the extension sleeve so as to 
move between a retracted position in which the forward rim of the extension sleeve is 
engageable with a surface to be worked and an extended position in which a fonward 
rim of the slideable sleeve is engageable with a surface to be worked and the forward 
ends of the extension sleeve and the slideable sleeve are shaped differently from 

30 each other so as to fit against a different shape of work surface. 

19. A shroud according to claim 18 wherein one of the extension sleeve or the 
slideable sleeve is tapered at its fonward end so as to have a forward rim which fits 
into a corner of a surface to be worked. 
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20. A shroud according to claim 19 wherein tapered forward rim is formed to have 
a pair of opposing V-shaped ridges (52). 

21. A shroud unit according to claim 19 or claim 20 wherein the other of the 
extension sleeve or the slideabie sleeve has a forward rim which extends 
perpendicularly to the longitudinal axis of such a tool or bit so as to fit against a plane 
surface to be worked. 

22. A shroud according to any one of claims 18 to 21 wherein the sliding sleeve is 
slideably mounted around. the extension sleeve. 

23. A shroud according to any one of claims 18 to 22 wherein the sliding sleeve is 
biased into its extended position by a spring arrangement (62). 

24. A shroud suitable for fitment to a dust collection unit (40), which dust collection 
unit is suitable for use with a hand held drilling and/or hammering tool substantially 
as hereinbefore described with reference to any one of the accompanying Figures . 
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ABSTRACT 

DUST COLLECTION UNIT 

A dust collection unit suitable for use witin a hand held drilling and/or 
hammering tool, comprising a shroud (34) which is adapted to extend around a tool 
or bit (24) of such a hammering and/or drilling tool so as to collect dust in an airflow 
passing through the shroud which dust is generated by such a tool or bit. A tube like 
5 extension sleeve (28) extends foPA'ardly from, the shroud, with respect to such a tool 
or bit, which extension sleeve (28) is tapered at its forward end so as to have a 
forward rim which fits into a corner of a surface to be worked. A slideable sleeve (54) 
is slideably mounted on the extension sleeve so as to move between a retracted 
position in which the tapered forward rim of the extension sleeve (28) is engageable 
10 with a corner surface to be worked and an extended position in which a fonward rim 
of the slideable sleeve (54) is engageable with a surface to be worked. 
Figure 3. 
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